Background {#Sec1}
==========

Acquired brain injury (ABI) is "an insult to the brain that affects its structure or function, resulting in impairments of cognition, communication, physical function, or psychosocial behavior" and "does not include brain injuries that are congenital, degenerative, or induced by birth trauma" \[[@CR1]\]. To date, much attention has been placed on brain injuries from traumatic causes (i.e., a traumatic brain injury, TBI). However, it is important to recognize that brain injuries from non-traumatic causes (i.e., non-traumatic brain injury, nTBI) can also result in negative and long-term consequences \[[@CR2]\]. These nTBI include anoxia, vascular insults, toxic effect of substances, brain tumours, meningitis, metabolic encephalopathy, encephalitis, and other brain disorders \[[@CR1]\].

Comprehensive information on the health service use among the nTBI population is currently only available for adult and older adult populations \[[@CR3]--[@CR12]\]. These studies found that the direct cost of healthcare services for nTBI was higher than that of TBI (\$120.7 vs. \$368.7 million) \[[@CR6]\]. In Ontario, Canada, between the fiscal years of 2003/04 and 2009/10, approximately 10 % of nTBI cases in the acute care setting were among patients aged 18 years and under \[[@CR9]\]. An understanding of this pediatric population is important because healthcare, in particular rehabilitation, for the pediatric nTBI population often occurs in similar or identical programs and facilities as those of TBI \[[@CR13], [@CR14]\]. However as a group, nTBI are often overlooked with regard to the potential for long lasting sequelae and the need for healthcare services post-injury \[[@CR15]\].

Equally important is the need to understand each subtype of nTBI, as nTBI includes diverse health conditions that may require a targeted approach to resource allocation and healthcare planning. Unfortunately, there is currently a lack of population based research and data on subtypes of pediatric nTBI with regard to their healthcare use. For example, even though primary brain tumours are the leading causes of cancer death in children and youth aged 19 years and under \[[@CR16], [@CR17]\], there lacks a general epidemiological profile and healthcare utilization information for this population. Research on childhood cancer indicate that there is no clear end to the duration of healthcare need among survivors and these patients continue to use substantial healthcare resources that are not accounted for in resource allocation \[[@CR18]\]. As such, children and youth with brain tumors may be candidates for increased healthcare use. Similarly, a systematic review of out-of-hospital pediatric cardiac arrest and drowning, which are common causes of anoxic brain injuries \[[@CR19], [@CR20]\], showed that, while less than 7 % of children with cardiac arrest survive to hospital discharge, only 2.2 % survive without neurological sequelae. A fifth of patients with anoxic brain injuries due to near drowning survive to hospital discharge, but survival can be as high as 80 % if timely and appropriate actions are taken \[[@CR19]\]. This suggests that this population is also likely to be users of acute-care services and in particular, post-hospitalization services such as homecare or rehabilitation. NTBI from infectious causes (e.g., meningitis, encephalitis) are most common among pediatric age groups, with persisting sequelae often reported, including fatigue, epilepsy, and impairments in cognition, memory, and motor \[[@CR21]--[@CR24]\]. As such, despite the diversity of causes of nTBI, the neurological sequelae and need for health services are evident across subtypes of nTBI.

The objectives of this study are to provide population-based information on (1) the burden of nTBI on healthcare services by identifying the rate of nTBI episodes of care in the province of Ontario in Canada and (2) the demographic and clinical characteristics and discharge destinations of hospitalized children and youth aged 19 years and under with nTBI. Recognizing the diverse conditions captured as nTBI, this paper additionally aimed to provide data on subtypes of nTBI that can be used to guide additional research on each type of nTBI. An understanding of the epidemiological profile and healthcare use of this group of individuals can greatly assist to appropriately, adequately, and effectively plan healthcare services for this population to ensure that their needs are met. This study is a first step towards a greater understanding of children and youth with nTBI and the patterns of their healthcare use.

Methods {#Sec2}
=======

The Canadian Institute for Health Information (CIHI) National Ambulatory Care Reporting System (NACRS) and the Discharge Abstract Database (DAD) were used. The NACRS is a mandated data collection system that collects emergency department (ED) and ambulatory care data \[[@CR25]\]. A reabstraction study of the NACRS data that compared 7,500 charts from 15 hospitals in Ontario from 2004 to 2005 indicated up to 80 % agreement for International Classification of Diseases Version 10 (ICD-10) codes for patients' main problem (i.e., the health condition responsible for the patient's visit, requiring evaluation and/or treatment/management) \[[@CR25]\]. The DAD contains demographic and clinical information on all hospital admissions and discharges, including transfers and deaths, using standard diagnosis and procedure/intervention codes \[[@CR26]\]. A reabstraction study of the DAD found high sensitivity and near perfect specificity for demographic variables and moderate to substantial agreement for diagnoses (kappa value 0.41 to 0.80) \[[@CR27]\]. As residents of Ontario have universal access to ED and hospital-based care, these data sources allow for the identification of all children and youth with a nTBI diagnoses in the ED and/or acute care setting during our study period.

NTBI was categorized by the presence of specified ICD-10 codes in any of the 10 diagnosis fields in the NACRS and the 25 diagnosis fields in the DAD. These ICD-10 codes represent conditions that are captured as a nTBI as defined by the Commission on Accreditation of Rehabilitation Facilities (CARF) International \[[@CR1]\] and through stakeholder consultation in Ontario, Canada. This included members from the Ontario Ministry of Health and Long-Term Care, Ontario Agency for Protection and Promotion, SMARTRISK, and the Ministry of Transportation to advise on the creation of a neurotrauma surveillance system to inform prevention in the province of Ontario \[[@CR28]\] (Table [1](#Tab1){ref-type="table"}). Stroke captured in national studies were excluded from our case definition for vascular insults to reflect current research and clinical practice in Ontario, Canada. For example, various national rehabilitation information systems \[[@CR29], [@CR30]\] and centres \[[@CR31], [@CR32]\] classify stroke separately from nTBI and some definitions of nTBI include vascular conditions that are not captured in major stroke studies \[[@CR33]\]. As such, these vascular insults were included in this study. All subtypes of nTBI across the 10 diagnosis fields in the NACRS and 25 diagnosis fields in the DAD were counted.Table 1International Classification of Diseases version 10 (ICD-10) case definitions for non-traumatic brain injuryType of Non-Traumatic brain injuryICD-10 CodesToxic effect of substancesT40.5, T42.6, T51, T56, T57.0, T57.2, T57.3, T58, T64, T65.0AnoxiaG93.1, T71, T75.1, R09.0Vascular insults (not captured in other national studies of stroke)I62.0, I62.9Brain tumoursC70, C71, C79.3, C79.4, D32.0, D33.0, D33.1, D33.2, D33.3, D42.0, D43, D43.2EncephalitisA81.1, A83.0, A83.2, A86.0, B00.4, B01.1, B02.0, B05.0, B94.1, G04.0, G04.2, G04.8, G04.9, G05, G09Metabolic encephalopathyE10.0, E11.0, E13.0, E14.0, E15, G92, G93.4MeningitisA87, B01.0, B37.5, G00, G01, G02, G03Other brain disordersG91.0, G91.1, G91.2, G93.2, G93.5, G93.6, G93.8, G93.9, G99.8, R29.1

Demographic variables included age and sex. Children and youth aged 19 years and under were categorized into five-year age groups \[0 to 4 years (infants), 5 to 9 years (children), 10 to 14 years (youth), and 15 to 19 years (adolescents)\] consistent with categories commonly used in the ABI literature \[[@CR34]\], Statistics Canada \[[@CR35]\], and the World Health Organization \[[@CR36]\].

Clinical variables included the Charlson Comorbidity Index, length of stay (LOS) in acute care, and special care days. The Charlson Comorbidity Index is widely accepted as a useful tool for measuring comorbidity disease status, has been shown to have a consistent correlation to in-hospital mortality, and is used to assess the severity of comorbid health conditions \[[@CR37], [@CR38]\]. The score is derived using the sum of the standard weights (1 to 6) that are assigned for each condition in the index \[[@CR39]\]. As most patients identified in this study have few Charlson comorbidities, the categories of 0 -- 1 and 2+ were used to avoid the risk of re-identification of any patients in the acute care setting. LOS in acute care was defined as the number of days between admission and discharge. Special care days were defined as the cumulative number of days spent in all intensive care units.

Discharge disposition from acute care included death in acute care, home, home with support services (e.g., homecare, home making supportive housing), inpatient rehabilitation, complex continuing care (CCC; e.g., chronic care facility), long term care (LTC; e.g., nursing home), and transferred to another inpatient setting.

NTBI episodes of care between fiscal years 2003/04 and 2009/10 were used to determine the number and rate of healthcare utilization, which has been shown to provide a more accurate description of the utilization of healthcare services compared to data on just hospitalizations \[[@CR40]\]. This was accomplished by linking the DAD to the NACRS via an unique encoded identifier, which is complete for all cases in the NACRS and the DAD and ensured that each episode was only captured once. The number of nTBI episodes of care by age group, sex, and type of nTBI were identified. The rate of nTBI episodes of care per 100,000 children and youth in Ontario, Canada, was calculated by dividing the total number of nTBI episodes by the population counts for the specific age group and sex in Ontario, Canada during the fiscal year of study. These numbers indicate the total number of nTBI episodes of care for every 100,000 children and youth in Ontario, Canada, during the study period.

A patient-level analysis of the patient's initial hospitalization for a nTBI between 2004/05 and 2009/10 was used to examine patient and clinical characteristics, and discharge destination from acute care. This was chosen to distinguish between a readmissions profile, which may differ from the initial admission. Patients included in this analysis must be initial hospitalizations between fiscal years 2003/04 and 2009/10. A look-back window of at least one year was used to ensure that patients included were the initial hospitalization record between fiscal years 2003/04 and 2009/10. Due to the lack of data to look back one year for fiscal year 2003/04, this fiscal year was eliminated from the patient level analysis. This ensured that patients identified between fiscal years 2004/05 and 2009/10 were index hospitalizations during this study period.

Results {#Sec3}
=======

Between fiscal years 2003/04 and 2009/10, there were 17,977 nTBI episodes of care (82.3 per 100,000 children and youth 19 years and under in Ontario, Canada). Males had a higher rate (87.2 per 100,000) compared to females (77.2 per 100,000). By age group, the highest rates were among infants aged 0 to 4 years (130.8 per 100,000), followed by adolescents aged 15 to 19 years (92.9 per 100,000), youth aged 10 to 14 years (56.1 per 100,000), and children aged 5 to 9 years (54.1 per 100,000) (Table [2](#Tab2){ref-type="table"}, Fig. [1](#Fig1){ref-type="fig"}).Table 2nTBI episodes of care (n and rate per 100,000 children and youth aged 19 years and under) in Ontario between fiscal years 2003/04 and 2009/10 by age, fiscal year of discharge, and sexOverall0 -- 45 -- 910 -- 1415 -- 19Overall\
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Across the types of nTBI diagnoses, toxic effect of substance episodes of care was found to be the highest (22.7 per 100,000), followed by brain tumour episodes of care (18.4 per 100,000), and meningitis episodes of care (15.4 per 100,000) (Table [4](#Tab4){ref-type="table"}, Fig. [3](#Fig3){ref-type="fig"}). Patient and clinical characteristics and discharge destinations varied by type of nTBI diagnosis; 76 % of individuals presenting with toxic effects of substances were adolescents, however, 86 % of anoxic brain injury cases were infants (Fig. [4](#Fig4){ref-type="fig"}). More than half of the patients with a toxic effect of substance stayed in acute care for less than 2 days. However, 46 % of cases with vascular insult stayed in acute care for 12 days or longer. Almost 60 % of cases with vascular insult stayed in the intensive care unit for at least one day, compared to approximately a quarter of cases with encephalitis and meningitis. Overall, there was a small percentage of deaths in acute care, however, 19 % of all patients with anoxic brain injury died in acute care (Table [3](#Tab3){ref-type="table"}).Table 4nTBI episodes of care (n and rate per 100,000 children and youth aged 19 years and under) in Ontario between fiscal years 2003/04 and 2009/10 by type of nTBI and sexToxic effects of substance\
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8.9Fig. 3nTBI episodes of care by type of nTBI and sexFig. 4Distribution of age by type of nTBI

Discussion {#Sec4}
==========

This study is the first study, to the best of our knowledge, providing a comprehensive overview of the burden of pediatric nTBI on healthcare services. Consistent with the trends seen in the overall nTBI population in Ontario \[[@CR9]\], the number of nTBI episodes of care among children and youth increased from 2003/04 to 2009/10. However, differences were observed in discharge patterns. Of note is that the majority of children and youth were discharged home post-acute care, of which 9 % were discharged home with support services. This differs from findings on the overall nTBI population in Ontario, where less than 40 % were discharged home and 20 % died in acute care \[[@CR3], [@CR9]\]. This finding on discharge home is in line with studies that indicate a preference to discharge children and youth home post injury \[[@CR41]\]. Given these differences in the healthcare use of the pediatric population compared to the general population, a specific focus on the health service use of this pediatric population is needed.

The pediatric nTBI population also differs from the TBI population; although the rate of nTBI episodes of care in this study was not as high as the rates reported for the TBI population, which ranged from 125 to 1,337 per 100,000 \[[@CR34], [@CR42], [@CR43]\], the health service use of the nTBI population is just as high as the TBI population. For example, it was reported that the average LOS for a TBI related hospitalization in Canada was 5 days \[[@CR44]\]; this paper showed that that the average LOS for a nTBI related hospitalization was approximately 13 days. Further, death in acute care for the TBI population was reported to be 9 % in Canada \[[@CR44]\]. However, among those with anoxic brain injury, up to 19 % died in acute care. Although nTBI is not as common as TBI, this population puts an increased burden and demand on the healthcare system. Moreover, there is relatively little data suggesting how we can effectively and appropriately allocate the resources and support for these patients. Given that patients with TBI and nTBI are often treated in similar settings \[[@CR13], [@CR14]\] and that they use almost triple the amount of services, data pertaining specifically to the nTBI population is crucial.

Equally important is an understanding of the profile and use of healthcare services associated with each subtype of nTBI. For example, despite an overall increasing rate of nTBI episodes of care, differences were observed between types of nTBI, which may be due to the improvement in diagnosis or treatment, prevention, or coding practices. For example, there was an overall decrease in the rate of toxic effect of substances episodes of care, which may be attributed to increased prevention efforts against hazardous drinking, particularly in adolescents. Conversely, the slight increase in brain tumour episodes of care may reflect better detection of brain tumours while the increase in encephalitis may reflect trend towards a diagnosis/coding of "unspecified" or "unknown" cause of encephalitis \[[@CR45]--[@CR48]\], a diagnosis that is captured in this study. These preliminary data on subtypes of nTBI highlight the importance of stratifying the nTBI population by subtype. Also, consistent with studies on anoxic brain injury among the pediatric population \[[@CR19], [@CR20]\], nearly one in five patients died in acute care. Data stratified by cause of anoxic brain injury can inform the prevention of anoxic brain injuries and preparation of healthcare for this population, as it has been reported that outcomes of anoxic brain injury from a cardiac arrest vs. near drowning are significantly different \[[@CR20]\]. Furthermore, the differences in discharge destinations across types of nTBI reflect the complexities and diversity of this group. While very few patients with a diagnosis of toxic effect of substances are discharged home with support services, more than a fifth are transferred to another inpatient facility. Centres that receive these patients, including addiction treatment centres, should be aware of and consider the effects of a brain injury on these patients when assessing treatment options. Finally, the distribution of age group across each subtype of nTBI is also varied, presenting opportunities for targeted interventions by age. These data by subtype of nTBI provide the foundation needed for further in-depth research on each type of nTBI to inform targeted resource allocation and healthcare planning.

Limitations associated with this study include a lack of consistent, agreed upon case definition for nTBI. The importance of this is highlighted in a comparison of data presented by Wong and colleagues in 2001 on non-traumatic coma. Despite similar goals on informing healthcare resources for this population, the method used to identify patients were different, resulting in higher rates of nTBI episodes of care (82.3 per 100,000) reported in this study compared to data presented by Wong and colleagues (30.8 per 100,000) \[[@CR49]\]. Specifically, Wong and colleagues restricted participants to only those with "significantly depression of conscious level as defined by the Glasgow Coma Score of 12" and, among those under the age of 5 years, at least 6 h of unconsciousness. Conversely, this paper identified nTBI using ICD-10 codes and the codes included in this study likely captured patients with a less severe nTBI. Limitations related to the data source are also recognized. First, the DAD only captures individuals that are admitted to an acute care setting and thus, deaths that occur outside of the hospital are missed, which is considered a limitation in neurotrauma research \[[@CR50]\]. Second, the use of all 10 diagnosis fields in the NACRS and 25 diagnosis fields in the DAD resulted in counting of all multiple nTBI diagnoses, as a patient may have more than one type of nTBI. This is an important methodological issue to consider for future studies involving statistical analyses between and/or across each type of nTBI. Third, the use of only the DAD and the NACRS to identify cases of brain tumours may result in underestimates, as brain tumours may not be readily identified or captured in the ED and/or acute care setting. The inclusion of the Ontario Cancer Registry \[[@CR51]\], which captures information on all newly diagnosed cases of invasive neoplasia, may result in a higher number of brain tumour cases captured. As such, it is acknowledged that estimates of brain tumours in this study are likely underestimates. Nonetheless, effort to capture all potential cases that may present in the emergency department or acute care was made by using episodes of care to assess the burden of healthcare services. For example, toxic effects of substances are likely to present in the emergency department, however, this diagnosis may not be made in the acute care setting. As such, the linkage of the DAD to the NACRS helped ensure that cases that are not coded as 'toxic effects of substances' in the DAD were captured in the NACRS and that double counting did not occur. The data sources used in this study are also population based and Ontario has publicly funded healthcare. Therefore, data presented here are less likely to have been influenced by access supplemental health insurance. Finally, it is acknowledged that the Charlson Comorbidity Index may not be ideal for comorbidity information in the children and youth population. However, this was chosen to provide consistency for comparison with published population based data on the adult and older adult ABI populations in Ontario, Canada \[[@CR3], [@CR4], [@CR7], [@CR8]\]. It was also used to assess the severity of comorbid health conditions, which has been used previously in research looking at the pediatric population \[[@CR39]\]. Future studies should consider exploring comorbidities through ICD-10 Chapter Headings \[[@CR52]\] or the John Hopkins Aggregated Diagnostic Grouping (ADG) \[[@CR53]\].

Conclusions {#Sec5}
===========

To the best of our knowledge, this is the first population-based study to provide an overview of children and youth with nTBI in Ontario, Canada. Findings from this study provide a foundation for further in-depth research on nTBI and its subtypes that are critical for resource allocation and support for children and youth with nTBI. The availability of accurate and timely information on nTBI is crucial for the planning of healthcare services, resource allocation, and prevention. Children and youth are at a critical developmental period of their lives in which a nTBI can result in negative and lasting consequences. Some types of nTBI identified in this study are preventable; a focus on nTBI and in-depth research on each subtypes of nTBI is encouraged.
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